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The main challenge in the area of artificial single nanopores prepared by track-
etched polymer sheets or transmission electron microscopy irradiation of thin
silicon nitride film consists of mimicking biological channels.[1]1 In this
context, the recent demonstration of the feasibility of hybrid biological/artifi-
cial solid-state nanopores by direct insertion of biological channels is likely
the most original and promising way.[2]2 This strategy aims to combine the
advantages of both solid-state nanopores (robustness, number, size and shape
control) and biological channels (selectivity, precise structure). [3]3
Here we will discuss about biological channel confinement inside single pore
PET track-etched nanopore.
Firstly, we will show that how the diameter pore size affects the ionic transport
of gramicidin A (gA). Indeed when the gA is confined inside nanopores
(10.6 nm, 5.7 nm, ~2 nm), its exhibits an anionic behavior explained by the
loss of gA head-head dimer structure. The conductance measurements reveal
for the first time an enhanced ionic transport mechanism through gA inside a
polymeric solid state nanopore as in biological membranes.Biomaterials
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The interaction mechanism of Ti-binding peptide (TBP:RKLPDA) and TiO2
nanoparticles was studied at the atomic level by NMR. Saturation transfer dif-
ference (STD) experiments were performed to identify the interaction sites of
TBP with TiO2 surface. Water molecules on TiO2 nanoparticle surface were
selectively saturated as a function of time. The initial slopes of STD amplitude
build-up curve against saturation time were calculated for TBP proton peaks
and the relative values of initial slopes were compared to be R Hd 100% as
a standard, K Hε 91%, L Hd 16%, P Hb 26%, D Hb 22% and A Hb 9%,
showing that residues R and K have the strongest effect of saturation transfer
from the bound water molecules. This result suggests 1st residue R and 2nd
K directly contact to TiO2 surface. The zeta potential of TiO2 nanoparticles
was measured to be 23 mV in average, indicating that the TiO2 surface is
negatively charged. Thus, both positively charged guanidine group of R and
amino group of K must play a key role in interaction with the TiO2 surface
by electrostatic force. NOESY experiment for TBP/TiO2 mixture and ROESY
experiment for TBP alone in aqueous solution were performed. The averaged
backbone RMSD of ten best matched structures were 0.7650.19A˚ for TiO2
bound TBP and 1.3750.34A˚ for free TBP. The calculated structures of
TiO2-bound TBP were more converged than those of free TBP, indicated
that conformations of TBP are restricted to much more extend when it is ad-
sorbed to the TiO2 surface.
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Spider silks are magical protein fibres with five times the strength of steel and
the ability stretch up to five times their length without breaking. Wrapping (or
aciniform) silk is the toughest of the seven types of spider silks through a com-
bination of high elasticity and strength. The molecular-level determinants of
this remarkable toughness and the structure of aciniform silk protein (AcSp1)
were completely unknown. Unlike the better characterized dragline silk pro-
teins, AcSp1 does not contain short motifs such as A4-10 and GGX. AcSp1
from Argiope trifasciata is composed of a core repetitive domain, with 14 or
more repeats of a 200 amino acid unit, and a C-terminal non-repetitive domain
(CTD). We have solved the solution structure of the 200 amino acid repeat unit
by NMR spectroscopy, showing it to be composed of a 5-helix globular domain
(Gb) flanked by N- and C-terminal intrinsically disordered linkers (Lk). By
doing intein-mediated selective isotope labeling for NMR, concatenatedmulti-repeat units were shown to have a (-Gb-Lk-)n ‘‘beads-on-a-string’’ type
structure. To further reveal mechanisms giving rise to the outstanding mechni-
cal properties of aciniform silk from a structure-function perspective, we inves-
tigated AcSp1 by constructing proteins with different Gb to Lk ratios and
compared their fibre forming ability, protein secondary structure in the fibre,
and fibre mechanical properties using optical, electron and atomic force micros-
copies, Raman spectroscopy and nano-tensile strength tests. The influence of
the CTD was also studied by comparing fibres drawn from proteins produced
with or without a CTD.
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In earlier investigations, we have shown that a peptide sequence, Sg I 38-48,
derived from the protein human semenogelin I forms a hydrogel. In this
work, we describe approaches to examine the kinetics of aggregation of both
Sg I 38-48 and an extended sequence, Sg I 37-49. The kinetics experiments
are based on using the chromophore Thioflavin T. When bound to extended
b-sheet fibrils the intensity of Thioflavin T fluorescence increases dramatically
and this can be used to monitor fibril formation. The fibrils have been shown
previously by CD and IR spectroscopy to consist of extended b-sheets. In the
kinetics experiments, the peptide is first isolated as a monomer employing
gel filtration under acidic conditions when it does not aggregate. The pH is
then adjusted to pH 8 to trigger fibril formation and the kinetics of aggregation
is monitored using a plate reader, with an excitation and an emission wave-
length of 440 nm and 480 nm, respectively. We have studied the effect of con-
centration, pH, and salt on the kinetics of aggregation. We have also carried out
disc centrifugation studies in order to determine the size and homogeneity of
the aggregates formed. The next step will be to fit our data to a mechanism.
For this purpose we are using Global Fitter, and our preliminary data suggest
an initial nucleation step from which the fibril extends. We have also carried
out rheology experiments in order to characterize the behavior of the Sg I
38-48 sequence, which have confirmed that this peptide forms a hydrogel.
These have also shown that the gel is able to recover its original strength after
a strain sweep has broken the gel.
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Porous three-dimensional membrane scaffolds are useful biomaterials that
mimic physiological interactions between cells and the environment in com-
plex multi-cellular systems and tissue models. In contrast to simple 2D cultures,
they provide increased cell-cell interaction as well as nutrient, drug and O2 gra-
dients. In order to further enhance functionality, we impregnated a highly
porous scaffold made from polystyrene with a phosphorescent indicator dye
Pt(II)-meso-tetra(pentafluorophenyl)porphine (PtTFPP) making it sensitive to
local O2 concentrations and compatible with phosphorescence lifetime imag-
ing microscopy (PLIM). These hybrid scaffold materials retain the dye during
prolonged culturing (at least 7 days) without effects on cell viability, provide
high intensity signals for high-resolution PLIM microscopy thus allowing reli-
able intensity and lifetime-based O2 calibrations. We evaluated the O2 sensi-
tive scaffolds with cancer HCT116 cells and multi-cellular aggregates (PC12
cells) and found that sample oxygenation depends on cell number, cell respira-
tion activity and viability. We also monitored the effect of O2 gradient in scaf-
fold on cell differentiation and reaction to chemotherapeutic drugs, with
particular emphasis on those effective during hypoxia. Altogether, hybrid
O2-sensitive polystyrene scaffold allows us to analyse oxygenation under
mild conditions (534 nm excitation, 650 nm emission), with multiplexed detec-
tion of other fluorescent labels and probes. They are useful for a broad range of
physiological applications of biomaterials.
Supported by Science Foundation Ireland (SFI) grants 13/SIRG/2144 and 12/
RC/2276.
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Biopolymers like collagen, actin, microtubules, and aggrecan play a structural
role in cells and tissues. They are considered semiflexible polymers because
